Nitrogen dioxide and nitric oxide are toxic gases which may be met in a variety of industries. Exposure of workers to high levels of nitrogen dioxide in particular may result in acute pulmonary oedema and bronchiolitis obliterans.' 2 Exposure of animals to levels around twice the threshold limit value for prolonged periods has caused pulmonary overinflation associated with obstructive lesions in proximal bronchioles, an appearance resembling, though not identical with, emphysema.34 Coalminers may be exposed to both nitrogen dioxide and nitric oxide either after shotfiring or from diesel engines. In the past such exposures have occasionally been high,56 resulting in acute pulmonary toxicity,7 and it has been suggested that such exposures have led to chronic lung damage characterised also by overinflation.7 Furthermore, it has been suggested that chronic exposure to low levels of oxides of nitrogen, as in houses using gas cookers and central heating, may lead to respiratory impairment, especially in children.89 Evidence, however, on the possible effects of relatively low level exposure in industry has hitherto been lacking. miners to these gases between 1972 and 1979 to determine whether effects on the respiratory system can be detected.
Methods
Investigations were carried out in the remaining nine collieries from the National Coal Board's Pneumoconiosis Field Research (PFR). These collieries represent a wide range of mining conditions.'0 All working miners from these pits were considered in the study but only the respiratory health records of those miners exposed to relatively high or low levels of oxides of nitrogen were used. In each colliery over a 20 year period detailed records had been kept of the time spent by each miner in different occupational groups, these groups having previously been defined on the basis of exposures to dust for the purposes of the PFR.'0 A minimum of five shift average measurements of nitrogen dioxide and nitric oxide concentrations was made for each occupational group at each colliery, the samples being taken by randomly selected members of the group. 214
Exposure to oxides of nitrogen Measurements were made by inserting a sampling attachment containing an absorption train into the MRE type 113A gravimetric dust sampler; this method has been fully described." Briefly, air is drawn through a sampling train of three tubes and any nitrogen dioxide in the air is absorbed in the first tube which contains 13X molecular sieve impregnated with triethanolamine. Nitric oxide passes through to the second tube where it is oxidised to nitrogen dioxide and, as such, it is absorbed in the third tube. The nitrogen dioxide contents of the first and third tubes are analysed subsequently using a modified Griess-Saltzman reaction, and the nitrogen dioxide and nitric oxide concentrations in the air are calculated accordingly. In addition, Ecolyser 7000 series nitrogen dioxide/nitric oxide meters were used to make continuous measurements of these gases during shotfiring and diesel locomotive operations.
In order to describe possible health effects some men who were exposed either to low or relatively high concentrations of oxides of nitrogen between 1972 and 1979 were identified as follows. For each occupational group, the following oxides of nitrogen concentration index, which was based on the ACGIH recommendations for the calculation of threshold limit values of mixtures, was calculated:
where the NO and NO2 concentrations are means of the measured shift average concentrations for the group.
Occupational groups with an oxides of nitrogen index less than 0-4 were categorised as low concentration groups, those with an index between 0-4 and 0-9 as medium, and those with an index greater than 0-9 as relatively high concentration groups. Oxides of nitrogen were measured only between 1975 and 1979. Concentration categories for occupational groups in existence between 1972 and 1975 were made using these exposure measurements and comprehensive information available from the PFR on mining methods and conditions. The PFR records of attendance at work were used to identify those men who had spent more than 80% of the period 1972-9 in relatively high concentration groups and those who spent more than 80% of that period in low concentration groups with no time in high concentration groups. A total of 560 men was identified in this way, 126 with "high" exposures and 434 with "low" exposures.
The two groups of men were compared in terms of their respiratory symptoms and lung function measurements obtained in current and previous epidemiological surveys of the PFR. Respiratory symptoms and smoking histories had been obtained by the use of a standardised questionnaire whereas 215 ventilatory function was measured by a modified Gaensler spirometer, calibrated, and operated by trained technicians under controlled conditions.'2 Forced expiratory volume in one second (FEVy) was measured, the mean of three technically satisfactory and reproducible attempts being recorded. The results from three surveys between 1964 and 1977 were used.
In addition, for each man an estimate of cumulative exposure to respirable coalmine dust was available based on careful measurements made over many years in occupational groups.'0 Possible health effects were investigated in two ways:
(1) Data from all identified high and low exposure men were studied by multiple linear regression to assess whether exposure to oxides of nitrogen could be shown to affect the level or rate of decline of FEV, after age, height, smoking habit, and exposure to respirable coalmine dust had been taken into account. Discriminant analyses were also used to investigate the effects of these gases on the prevalence of respiratory symptoms.
(2) An attempt was made to match each man with high exposure with a man with low exposure on the basis of age, dust exposure, smoking habit, colliery coal rank, and type of work. Forty four such pairs were identified and compared for prevalence of respiratory symptoms and both level and rate of decline of FEVP.
More complete details of the methods are recorded elsewhere'3 and are available on application to the authors. Table 1 summarises the mean shift average concentrations of nitric oxide and nitrogen dioxide observed at the nine collieries. These concentrations were well within their respective threshold limit values of 25 ppm and 3 ppm. The highest individual shift average measurements were 9-8 and 2-3 ppm for nitric oxide and nitrogen dioxide respectively. There were, however, pronounced differences between concentrations both within and between collieries. The highest exposures were observed for diesel locomotive drivers, particularly at colliery Y where the exhaust fumes were found to be drawn into the driver's cabin. Differences in shift average concentrations were observed between other occupations and these can readily be accounted for by distance travelled in diesel trains by the men concerned and the amounts of explosive used in their place of work.
Results

LEVELS OF OXIDES OF NITROGEN
The peak nitric oxide and nitrogen dioxide con- Table 3 gives some characteristics of the men in low significant effect. and high exposure groups. Discriminant analyses to We were unable to find any significant differences predict the occurrence of persistent cough, of in the mean values of FEV, and rate of decline of sputum production, and of breathlessness in the 560 FEVy between the two exposure groups studied in men studied showed no association between any of the matched pair investigation. Odds ratio estimates these symptoms and exposure to oxides of nitrogen, (not adjusted for matching) of relative risks associthough dust exposure and level of FEV, contributed ated with the higher exposures to oxides of nitrogen significantly to all three fitted functions. Cigarette were 1-8 and 1-3 respectively for persistent coughing and for sputum production. In both cases the excess over unity is easily attributable to chance (p > 0.25). For breathlessness, the estimate of relative risk was 0-8.
Discussion
The acute effects of exposure to high doses of oxides of nitrogen, essentially an acute toxic pneumonitis, are well known. The condition may present as pulmonary oedema shortly after exposure, as progressive breathlessness starting a week or two after exposure and related to an obliterative bronchiolitis, or as a combination of the two. This condition is best known in farmers exposed to fumes from silage, in chemical workers exposed to spilt nitric acid, and in miners exposed to fumes from shotfiring.'4 In general, those patients who survive this acute syndrome seem to make a full recovery but there are reports of some who have apparently suffered permanent 217 impairment of respiratory function associated with respiratory symptoms. In particular, Kennedy has described a group of coalminers who were exposed to high levels of nitrogen dioxide and who were subsequently shown to have symptoms of airways disease and evidence of raised residual volume on lung function testing, abnormalities which the author thought were due to emphysema and which he attributed to their exposure.' The argument is not wholly convincing'5 since a raised residual volume is known to be a feature of men exposed to coal dust'6 and is, of course, also a feature of cigarette smokers. Also the studies were uncontrolled and lacked a history of other possible causes of the abnormalities found. Nevertheless, it seems reasonable to suppose that some men exposed to high levels of such gases may well suffer permanent lung damage. What has been far from clear, however, is whether men exposed to relatively low levels of oxides of nitrogen and who have not suffered acute exposure symptoms develop chronic lung disease as a result.'" Clearly, a study to investigate this requires to make careful estimates of exposure and to take account of other possible causes of respiratory symptoms and dysfunction such as exposure to cigarettes and coal dust. '8 Our results are reassuring in two ways. Firstly, we have found that levels of oxides of nitrogen in the collieries we studied are in general well below accepted threshold values'9 and, secondly, we have been unable to detect any effects on health. Nevertheless, it is important to examine whether there are any reasons for considering our results invalid. In particular, are the collieries we studied representative of all British collieries and have our results been biased by studying only working miners? On the first point, the collieries concerned are spread throughout the British coalfields and the min- On the second point, it could be argued that men who suffered effects from these gases became ill and left work, leaving only the fitter men for the study. While this may well be true, we were nevertheless able to show not only an effect of cigarette smoking but also the weaker effect of respirable dust exposure in this survivor population. It is therefore reasonable to believe that any effect of oxides of nitrogen at the levels we have found must be so small as to be practically undetectable in the presence of effects related to dust exposure and smoking habits. Incidentally, smoking is itself a source of exposure to oxides of nitrogen.
Two final points should be made. Firstly, an American study has detected small differences in respiratory health between workers in coalmines where diesel equipment is used and workers in coalmines without diesel equipment.2' Although the study is inconclusive, these authors suggest that the effects may be related to diesel fume exposure. Diesel exhaust fumes are complex mixtures of gases, liquids, and particulates including other irritants such as aldehydes. Our results, therefore, should not be interpreted as implying that exposure to diesel exhaust in coalmines under normal conditions is without risk. Secondly, studies of low level environmental exposure of children to oxides of nitrogen in houses with gas fires have suggested an increased risk of respiratory symptoms. 8 
